Abstract. The distribution function of interstellar pickup hydrogen is measured with the SWICS instrument on Ulysses at high heliographic latitudes, over a broad range of velocities, including those below that of the solar wind. It is found that these few MV rigidity protons exhibit a pronounced inward radial streaming in the frame of the solar wind, suggesting that neither instabilities generated by the pickup ions nor ambient turbulence is effective in scattering and isotropizing these particles. These results have implications for theories for the instabilities associated with pickup ions and for the propagation of low rigidity particles in the solar wind.
Introduction
Interstellar neutral gas is swept into the hellosphere by the motion of the Sun through the interstellar medium. Once here, it is ionized by photoionization and charge exchange, and then forced to gyrate about the solar wind magnetic field, thus forming a new particle population in the solar wind --the interstellar pickup ions.
The behavior of the interstellar pickup ions has been a subject of interest for some years. The ions are expected to form the dominant internal pressure in the solar wind in the outer heliosphere, and thus can affect the solar wind flow [e.g., Axford, 1972; Holzer, 1977] In this paper, we present measurements of the distribution function of interstellar hydrogen at high heliographic latitudes over the full range of velocities, from below that of the solar wind to several times that of the solar wind.
We find no evidence of any significant acceleration beyond that which occurs when the particles are first picked up by the solar wind. However, we find that the interstellar hydrogen ions exhibit a pronounced radial streaming towards the sun in the frame of the solar wind, with a speed several times the local Alfv6n speed. Although the distribution function appears to be gyrotropic about the magnetic field, and is consistent with having been spread in pitch angle, there is no evidence of the excitation of streaming instabilities which will dampen the inward streaming. The observed anisotropy can be interpreted in terms of an effective mean free path for the pickup protons which is of order 1 AU. This places a limit on the scattering which is produced by ambient turbulence, which, in turn, imposes interesting constraints on theoretical models for the scattering of low rigidity particles.
Observations
The results reported here are based on data obtained with the SWICS instrument [Gloeckler et al., 1992] 
These observations can be interpreted in terms of an inward radial anisotropy •, that is, that the distribution function in the frame of the solar wind is given by f(r,O,O,w) = fvs(r,O,w) [1 + •cos(O)] (2)
where O is the angle between the velocity of the pickup ions and the inward heliocentric radial direction. For simplicity, we assume that • is a constant, independent of w. The curve marked • = 0.5 in Figure 1 is the transformation of (2) into the frame of the spacecraft, with • = 0.5. Using the same loss rate as before (6o10 -7 s -1), the production rate •lp of 4.5o10 -7 s -1 was now used to fit the data at W around 2. Evidently an inward anisotropy greater than 50% is required to match the observed distribution function.
This strong anisotropy is driven by the large radial gradients of the interstellar pickup hydrogen, which results from the fact that interstellar neutral hydrogen penetrates easily only to within 4-5 AU of the Sun [e.g., Axford, 1972] . At the radial distance of --2.5 AU the pickup hydrogen density is growing exponentially with radial distance [Gloeckler and Geiss, 1995 Pickup hydrogen ions are of course very low rigidity (_< 2.4 MV) particles. With this inferred mean free path, then we have, for the first time, an indication of the mean free path for very low rigidity ions, which places interesting constraints on the scattering due to ambient turbulence of low rigidity particles and on the theories which describe this scattering. Palmer [1982] has compiled observations of the mean free paths for energetic particles in the solar wind over a wide range of particle rigidities (the "Palmer consensus"), and demonstrated that quasi-linear models of particle interaction with slab turbulence [e.g., Jokipii, 1966] fail to account for the large mean free paths observed for low rigidity particles. However, Bieber et al. [1994] have pointed out that the large mean free path at low rigidities is observed for electrons; ions are observed at much higher rigidities than electrons. Hence, they argued that the mean free path for electrons and ions might be fundamentally different. The observations presented here clearly contradict this possibility. The rigidity of the pickup protons is -< 2.4 MV, which is comparable to that of low energy electrons. The mean free path inferred here for low rigidity ions of approximately 1 AU thus falls in the range observed for comparable rigidity electrons deduced mostly from mea.surements at one AU.
Conclusions
We have used the SWICS instrument on Ulysses to observe the distribution function of interstellar pickup hydrogen at high hellographic latitudes over a broad range in velocities,
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including those below that of the solar wind. We find that the interstellar hydrogen ions exhibit a strong inward radial streaming, with an anisotropy of order 50% in the frame of the solar wind and an effective mean free path for scattering of order 1 AU. These observations suggest that (i) the in [Fisk et al., 1974] stabilities that could be generated by the streaming of the pickup ions along the magnetic field are not being readily excited; and (ii) the scattering of the pickup ions by ambient turbulence yields a mean free path of order 1 AU that falls in the range deduced for comparable rigidity energetic electrons. This long mean free path remains a challenge to account for by current theories of particle scattering in the solar wind.
